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Abstract 
With point electric source as example, this paper describes direct current method forward modeling with COMSOL 
Multiphysics. By comparing and analyzing COMSOL Multiphysics modeling results and theoretic values of typical 
models, the validity and feasibility of direct current method forward modeling based on COMSOL Multiphysics is 
proved. Due to the powerful mesh dissection, solution function and abundant post process operation, it shows an 
important significance of applying COMSOL Multiphysics in geophysical modeling. 
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1. Introduction 
The issues of forward modeling have to be solved before using electrical prospecting to explore the 
structure and mineral distribution underground. The key problem of forward modeling is solving 
electrical field distribution rule for given geoelectric model and field source distribution, which is an 
important base for inverse and interpretation of electrical prospecting material. There are three methods to 
solve electromagnetic field distribution rule: analytic method, numerical solution method, and physical 
simulation method. Analytic method is well known, of which the result have typical significance, but it 
can be used only for electromagnetic distribution problem within a regular geometry. According to 
similarity theory, physical simulation method is used to inspection correctness of the result from analytic 
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method or numerical method by means of physical model. At present, electrical prospecting usually use 
three kinds of numerical simulation method: finite difference method, finite element method and 
boundary element method[1-4]. Numerical simulation can solve electromagnetic field distribution rule 
under the complex conditions. 
COMSOL Multiphysics software is a universal computer aid engineering software based on finite 
element analysis, which has a large set of functions for  analyses and solution. This software includes heat 
transfer module, electromagnetic module, acoustics module, earth science module, chemical engineering 
module and structural mechanics module. It also has many pre- and post- processing functions, which 
provides a friendly working environment for solving both complex scientific problems and large-scale 
engineering problems. It lets people get rid of trivial and drab finite element programming. The other 
advantage of COMSOL Multiphysics is that it can solve coupled multiphysics phenomena simultaneously. 
Owing to these advantages, it is referred to as the first class software package for any number of coupled 
multiphysics fields. Not only having perfect analysis functions, COMSOL Multiphysics also provides 
good working environment to secondary development for its customers. COMSOL Multiphysics 
originates from PDE Toolbox of MATLAB. Since it officially named COMSOL Multiphysics in 2003, it 
has been absorbing new calculation methods and techniques, and also extending new application modules. 
This paper illustrates in detail the process of carrying out direct current method forward modeling based 
on COMSOL Multiphysics with the point electric source and line electric source as examples. 
2. COMSOL Multiphysics Simulation 
COMSOL Multiphysics provides two kinds of operation modes, graphical user interface style, and 
command style by creating scripts. Both modes provide convenience for users mostly [5]. Script mode is 
mainly for optimum design and second development for COMSOL Multiphysics. COMSOL Multiphysics 
includes three sections. Pre-process, solution, and post- process. Creating finite element model and setting 
load parameters are belong to pre-processing. Mesh division and solving equations are all belong to 
solution section. Results visualization and analysis are belong to post- processing. Fig. 2 gives the chart 
of geophysical forward modeling using COMSOL Multiphysics. 
 
Fig.1. Chart of COMSOL Multiphysics analysis geophysical field 
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The base of forward modeling simulation is creating a finite element model. It must be mentioned that 
reasonable simplify and approximate is done when create geometric model in order to make mesh 
division and loading easier. For example, we can use a semi-ball substitute semi-infinite space when three 
dimensional simulation of point electric source is done in semi-infinite space. Simultaneously, the point 
electric source can be put at the sphere core of semi-ball which can make loading and mesh division easy. 
When dividing mesh, denser mesh is close to field source and abnormal body. More sparse mesh is far 
from point electric source. Thus, calculating precise and speed can be improved while total mesh number 
is fixed. 
In fact, electrical prospecting forward modeling is solving field distribution for given geoelectric 
model and supply electric current. Setting boundary condition is the key to whole numerical simulation. 
In calculation process of COMSOL Multiphysics, the inter-boundary and ground surface boundary is 
automatically satisfies. For infinite far boundary, we can load according to different devices.   
3. COMSOL Multiphysics Error Analysis 
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Fig.2. Sketch of two-layers geoelectric cross section 
 
Fig.3.  Electric field distribution of three-dimensions geoelectric mode 
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U
Firstly, we conducts numerical simulation of ground point electric source in the two-layers horizontal 
stratum with COMSOL Multiphysicsˈand compare the simulation value and the analytical value of 
potential. Fig. 2 shows the sketch of two-layer geoelectric cross section. The first layer has 
resistivity 1 , depth 1 , and the second layer has resistivity 2 . With unipolar 
power supply, electric current intensity is 1A; current electrode is set at the 0 position on the surface, 
observation distance is 50m. As to ground point electric source in the two-layer horizontal stratumˈthe 
ground potential distribution analytical expression is as follows [6] 
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By applying COMSOL Multiphysics to the geoelectric model expressed in Fig. 2 to conduct three 
dimensional forward modeling numerical simulationˈwe can obtain the following potential distribution 
personated in Fig.3. Table 1 show when point source A  locates at 0 positionˈthe comparison between 
simulation value and analytical value of the potentialˈwhile point M moves from 0.5m to 25m. As it is 
shown in Table 1, in the vicinity of point electric source (less than 2 m) ˈthe closer to point sourceˈ the 
bigger potential error is˗the farther the distance to point source isˈ the smaller the error is˗and the 
error tends to 0 when it is close to the borderline. When it is 0.5m to 3m to the point source, the maximum 
relative error is within 5.14%. For the range of 15m to 25m, the maximum relative error is less than 
3.23%. Obviously, these results are sufficient to illustrate that the current methodˈapplying  COMSOL 
Multiphysics to conduct electrical prospecting three-dimensional forward modeling numerical 
simulationˈcan obtain reliable calculation results and satisfactory accuracy. 
Table 1. Comparing of potential analytical values and simulation  values of three-dimensions geoelectrical model 
 
4. Forward Modeling Simulation Example 
Model: there is a cylindrical conductive object under the horizontal evenly ground 
(resistivity 1 ), and its length is much greater than the cross-sectional radius. There is a 
rectangular high resistance object ten meters away from the location of the cylindrical conductive object, 
whose length is much greater than its height and width, and its trend is in line with the cylindrical 
conductive object. Both of the two objects are set at the depth of 4m. Cross-sectional radius of cylinder 
m, resistivity 2 . Rectangular cross section is 6m
100= :U m
2 mr 10= :U 4mu , the resistivity 3 500 m : U . 
Geometric model can be shown in Fig. 4. 
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Loading a point of dipole current source, powered-up at point A and point Bˈthe current strength at 
point A  is 1A, the current strength at point B is -1A. Fig. 5 shows the electric field distribution of the 
model when power supply  point A  locates  at -10m˄reference 0 point locates at 150mˈthus point A  
locates at 140m position˅ˈ while power supply  point B  locates at 10m˄reference 0 point locates at 
150m ˈthus point B  locates at 160m position). From Fig. 5, we can see repellent effect to electric current 
of the rectangular high resistance object anomalyˈwhile attraction effect to electric current of the 
cylindrical low resistance object anomaly. 
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Fig.4. The geometric model sketch 
 
Fig.5. Electric field distribution of  the model with fixed power supply electrode position 
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Fig.6. Apparent resistivity curves with different power supply electrode position 
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Fig. 6 shows the apparent resistivity curve comparison chart when polar dipole current sources AB  are 
4m, and 20m respectively, measuring electrode distance MN
m
 of 1m. It’s can be seen from Fig. 6 that at 
the position of -4m, apparent resistivity value is 115.7 :  when polar distance AB equals 4m, while 
the apparent resistivity value is 131.9 m: when polar distance is 20m. Compared to the background 
resistivity100 , the latter has a higher abnormal apparent resistance. At the position of 4m, apparent 
resistivity value is 90.2 
 m:
m:  when polar distance AB  is 4m, while the apparent resistivity value is 75.1 
 when polar distance is 20m, compared to the background resistivity100m:  m: , the latter has a lower 
abnormal apparent resistance. This indicates that when the anomalous object is entirely located within the 
exploration depth, the c abnormal is very evident, while if  the anomalous body is not fully in the 
exploration depth range, there is an abnormal in the anomalous and the trend is consistent with the former, 
but not so evident as the former. 
Fig.7shows apparent resistivity cross section of symmetrical quadrupole device when 1MN  , 
4  AB n ( 1,2,3,4,n   5) .  Fig. 7 indicates that between -8m to -2m a high resistance abnormal body exists, 
and the top of it appears to be a straight line, which happens to reflect the width and shape of a 
rectangular anomaly in forward modeling. Between 3m to 7m there also exists an anomal low resistance 
whose scope is in accordance with that of the given cylindrical low-resistivity anomaly in model. The top 
of the anomaly is approximately an arc curve, which could also match the cylindrical anomaly in model. 
In addition, the tops of two anomalies are located in the position of 3n   (corresponding to the actual 
depth of 2m), which is consistent with the model set. It is noteworthy that, Fig. 7 shows that at point 0 
(corresponding to 150m position) with the increase of n  the resistivity rises from 10 up to 
, and then reduces to , compared to the background resistivity , this is a 
relatively high resistance region. Obviously, this could be due to rectangular high resistance anomaly area 
is greater than circular low resistivity anomaly area. Consequently, such high resistance has greater 
influence to this point, although the distances from centers of the two anomalies to point 0 are the same. 
4 m : 
m113 : m 106 m :  100 : 
 
Fig.7 . Apparent resistivity cross section of symmetrical quadrupole device ˈ  4  ( 1,2,3,4,5)AB n n  MN 1 
5. Conclusion  
Numerical simulation results obtained from COMSOL Multiphysics proves the reliability and 
feasibility to investigate the direct current method forward modeling. Its powerful numerical computing and 
visualization post-processing features make forward calculation simple and informative. Using COMSOL 
Multiphysics script can flexibly achieves a variety of direct current method forward modeling, which 
makes COMSOL Multiphysics a powerful tool for secondary development. Numerous advantages of 
COMSOL Multiphysics forebode that it has a broad application prospects in geophysical research. 
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